The aim of this study was to investigate the antibacterial activity of raw milk from Domestic Balkan donkey breed toward Listeria monocytogenes and Staphylococcus aureus. Examination of antibacterial activity was performed in artificially contaminated milk samples by monitoring the changes of count of viable cells of tested bacteria during 8 hours of incubation at 38 °C. Lysozyme and fatty acids contents were also determined in donkey milk. The obtained results indicated inhibitory effect of donkey milk toward both tested bacteria. The lysozyme content in the analyzed milk samples was ranged from 0.67 to 3.54 g/L. The most abundant fatty acids with known antibacterial activity toward Gram positive bacteria were linoleic, lauric and oleic acid.
INTRODUCTION
Donkey milk (DM) has been an object of scientific research during the last few years, although it has been known as a natural remedy for a long time. In recent times, its beneficial effects in the prevention of atherosclerosis (Tafaro et al., 2007) , as well as its antibacterial (Šarić et Kugler et al., 2008) . The Special Nature Reserve -Zasavica‖, located in the northwest of Serbia, currently has over 100 female donkeys belonging to the Domestic Balkan donkey breed.
In Serbia, DM has been traditionally used in the treatment of asthma and bronchitis. Increasing demand for DM on the Serbian market is a consequence of the fact that number of estimated deaths by respiratory diseases in Serbia is higher than Europe and world average (ECSCEE, 2013) . Local consumers in regions where donkeys are traditionally bred usually consume raw milk in order to avoid thermal degradation of the valuable substances. However, this practice inevitably raises the question of the safety of its consuming. Although some literature sources reported strong antibacterial activity of DM, the majority of these reports are related to its activity toward Gram negative bacteria members of the Enterobacteriaceae ( The object of this study was to investigate antimicrobial potential of raw Domestic Balkan donkey milk against L. monocytogenes and S. aureus. The content of LYZ as well as fatty acid composition with an emphasis on the fatty acids with known antimicrobial activity were also examined.
MATERIALS AND METHODS

Sample collection
Milk samples were obtained from Domestic Balkan donkey breed, from -Zasavica‖ Special Nature Reserve, Serbia. Eight clinically healthy donkeys from different lactation periods (65 -210 days postpartum (pp.) were included in the trial. Samples collected after morning handmilking, were immediately cooled at 4 °C and transported to the laboratory where the samples were frozen at -20 °C. The samples marked as A, B, C were collected in the early stage (65-90 days pp.), samples F, G in the middle stage (140-160 days pp.) and samples D, E, H in the late stage of lactation (190-210 days pp.).
Determination of protein profile
Sample preparation was carried out according to Tidona et al. (2011) with some modifications. Milk samples were diluted in 1:1.5 (v/v), sample:buffer (0.125 M TriseHCl, 4% SDS, 2% glycerol, 2% bmercaptoethanol, pH 6.8) and heated at 100 °C for 5 min. The chip-based separations were performed on the Agilent 2100 bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) in combination with the Protein 80 Plus LabChip kit and the dedicated Protein 80 software assay on 2100 expert software. Chips were prepared according to the protocol provided by the Protein 80 LabChip kit. Bovine serum albumin was used as the standard for quantitation of the milk proteins. All samples were analyzed in triplicate.
Determination of fatty acid composition
A modified method of Havemose et al. (2004) was used for the extraction of fat from DM. Fat was extracted by using methanol and chloroform. The mixture was shaken for 1 min and then centrifuged for 10 min at 3000 rpm. The lower phase containing the lipid fraction was isolated and evaporated to dryness under stream of nitrogen. The methylation of fatty acid extracted from DM was performed according to Kravić et al. (2010) HCl was added and gently stirred. After phase separation the upper phase containing the fatty acid methyl esters was decanted and 2 μl was used for further analysis. The obtained samples were analyzed by a Hewlett-Packard (HP) 5890 gas chromatograph coupled with a HP 5971A mass spectrometer detector. A fused silica capillary column (Supelco) was used for the FAME analysis; SP-2560, 100 m × 0.25 mm i.d., 0.20 μm film thickness. The carrier gas ultra-pure helium was passed through moisture and oxygen traps with constant flow rate of 0.58 cm 3 /min. The GC oven temperature was programmed from 100 °C (5 min), to 240 °C at the rate of 6 °C/min, held at 240 °C for 10 min. The injection temperature was 230 °C and the injection volume was 2.0 μl, split ratio 1:30. The mass spectrometer was operated in the electron ionization mode with quadruple temperature of 180 °C. Data acquisition was carried out in the scan mode (range 40-400 m/z). The fatty acids peaks were identified by comparison of their retention times with retention times of standards from Supelco 37 component fatty acid methyl ester mix (Bellefonte, PA, USA). Commercial data base of mass spectra Wiley was also used. The content of each fatty acid expressed by mass percentage is calculated according to equation:
where R i is the response factor for each fatty acid normalized to palmitic acid methyl ester and A i the peak area of fatty acid methyl ester in the sample solution.
Antibacterial assay
The antibacterial assay was performed on each individual milk sample using Listeria monocytogenes ATCC 19111 and Staphylococcus aureus ATCC 25923. Cultures were stored on nutrient agar slants in a refrigerator at 4 °C and subcultured on fresh slants weekly. After overnight incubation on nutrient agar at 37 °C, well-isolated colonies of each test microorganisms were selected and transferred with an inoculating loop to a tube of sterile saline and vortexed thoroughly. The density of the bacterial suspension was adjusted to the 0.5 McFarland standard using DEN-1 densitometer (Biosan, Riga, Latvia). Further decimal dilutions in sterile saline were prepared from initial suspensions. DM samples were artificially contaminated with these bacterial strains at the level of contamination of 10 2 cfu/mL. 25 mL of each artificially contaminated sample were placed into a sterile vessel and kept in water bath (Raypa, Spain) at 38 ± 0.5 °C during 8 h. Changes in the number of tested bacteria were monitored every hour according to the international standards (EN ISO, 2004; ISO, 2003) . The results were expressed as log 10 cfu/mL. Non inoculated DM was used as negative control, while artificially contaminated nutrient broth (Himedia, India) was used as positive control. All samples were analyzed in triplicate.
Statistical analysis
Results were expressed as mean along with standard deviations, of triplicate analyses for all measurements. Analysis of variance was followed by Duncan's multiple comparison tests using STATISTICA version 10 (StatSoft Inc., Tulsa, OK, USA).
RESULTS AND DISCUSSION
The observed significantly lower number of L. monocytogenes (Table 1) and S. aureus (Table 2) in tested DM compared to positive controls, after 8 h of incubation at 38 °C, indicates the antibacterial activity of DM against these bacteria. After the first hour of incubation, L. monocytogenes count in all tested samples decreased and reached the lowest value. This number slightly increased during the next five hours. The count of this pathogen was not significantly different in comparison to its initial value at the end of the incubation.
After the 2 h period of duration of lag phase of L. monocytogenes in nutrient broth, its number started to increase and after 8 h reached the value of 5.00 log cfu/mL.
The count of S. aureus in most of the tested samples slowly increased or remained at almost constant level during the first 5 h. After 8 h of incubation, count of S. aureus was in range from 3.00 to 3.92, whereas this number in positive control was much higher (6.84 log cfu/mL).
The tested bacterial strains did not detect in negative controls. It was obvious that the antibacterial activity of DM toward S. aureus could be characterized as growth inhibitory in terms of the extension of its lag phase and growth slowing. . The relationship between LYZ content and antibacterial activity of DM samples toward tested bacteria was not established in this investigation, since DM samples with LYZ content ranging from 0.67 to 3.54 g/L showed similar effect against L. monocytogenes, while sample H (1.24 g/L of LYZ) had stronger activity against S. aureus compared to other samples with higher LYZ content. This probably indicates that LYZ is not the only antimicrobial agent in DM which can act against tested Gram positive bacteria, since it is a complex medium with numerous different compounds which could contribute to the overal antimicrobial potential. Among those compounds are definitely certain fatty acids, which composition in the tested DM samples is presented in Table 3 .
Main determinated fatty acids with well known antibacterial activity toward Gram positive bacteria (Galbraith et al., 1971; Galbraith & Miller, 1973) were linoleic acid (C 18:2 ), lauric acid (C 12:0 ) and oleic acid (C 18:1 ) (Table 3) , which account from 40.3 to 54.7% of the total fatty acids content in analysed milk samples. These long chain fatty acids (C 18:2 , C 18:1 ) stimulated oxygen uptake by Gram positive bacteria at bactericidal and protoplast lytic concentrations and produced inhibition at higher levels (Galbraith & Miller, 1973 
CONCLUSIONS
The detected antibacterial action of DM against L. monocytogenes and S. aureus increased in bacterial lag phase duration as well as inhibited their growth. Under these experimental conditions, DM showed stronger antibacterial potential against L. monocytogenes. LYZ could be marked as the major antibacterial agent in DM, since it was present in high concentration. Different values of LYZ content determinated in this study could be explained by the different lactation stages milking animals belong to. However, the absence of established links between antibacterial activity of DM and its LYZ content could indicate existance of some other compounds in DM which additionaly contribute to the total antibacterial activity of DM against tested bacteria. Among the detected fatty acids with known antibacterial activity, the most abundant in DM were linoleic, lauric and oleic acid.
